The E(spl) complex (E(spl)-C) contains three different classes of genes that are downstream of Notch signaling. The bHLH genes mediate the Notch signal by repressing proneural gene activity, for example during the singularization of mechanosensory organ precursor cells (SOPs). Genes of the second class, the E(spl) m4/ma family, antagonize this process if overexpressed. Here we show that this is based on dominant-negative effects since RNA interference gives neurogenic phenotypes indistinguishable from E(spl)-C mutations. Furthermore, a third member of the m4/ma gene family, named bbu/tom, behaves differently with respect to RNA expression patterns, its regulation by Notch signaling and loss of function phenotypes. q
Introduction
Mechanosensory bristles on the body of the¯y arise from sensory organ precursor (SOP) cells which are singled out from groups of cells with neural potential (proneural clusters) (Simpson, 1997) . SOP singularization is mediated by a lateral inhibition process which involves the Notch signaling cascade (Artavanis-Tsakonas et al., 1995) : through a signaling activity of the presumptive SOP, the Notch receptor is activated in the neighboring cells of the cluster. As a consequence of Notch receptor activation, a family of genes located in the Enhancer of split gene complex (E(spl)-C) is transcriptionally turned on. The E(spl) genes encode bHLH transcriptional regulators which enforce a secondary, nonneuronal fate by repressing the activity of proneural fate genes (Simpson, 1997; Artavanis-Tsakonas et al., 1995) .
The E(spl) bHLH genes are separated by a number of other genes that are structurally unrelated (Delidakis et al., 1991; Delidakis and Artavanis-Tsakonas, 1992) . These include m1 which might encode a Kazal-type protease-inhibitor speci®-cally expressed in the embryonic gut and m2 that has no apparent structural similarity to other genes within the E(spl)-C (Wurmbach et al., 1999) . Whereas m2 is transcriptionally activated by the Notch-signaling cascade, m1 is not (Wurmbach et al., 1999) . Ectopic expression of m2 has only little in¯uence on imaginal development of the¯y and behaves like a weak E(spl) bHLH gene . We have identi®ed two other Notch-responsive genes, m4 and ma , that lie within the E(spl)-C intermingled among the bHLH genes (Wurmbach et al., 1999) . The respective gene products are structurally different from the bHLH proteins but similar to each other. They share four regions of high similarity; the highest degree of homology is within the Cterminal half, most notably at the very C-terminal end (Wurmbach et al., 1999) . Furthermore, weaker similarity was noted between the gene products of m4/ma and of Bearded (Brd) that extends along the N-terminal half of the respective proteins and includes a presumptive basic-amphipatic helix. However, Brd protein is much shorter as it lacks the highly conserved C-terminal domain (Leviten et al., 1997; Apidianakis et al., 1999; Wurmbach et al., 1999) . Brd gain of function mutants bear numerous ectopic bristles on the whole body, and this dominant mutation is caused by the mis-regulation of the gene due to insertion of transposable elements (Leviten and Posakony, 1996; Leviten et al., 1997) . Most strikingly, gain of function of either m4 or ma results in similar phenotypes: those regions of the adult¯y where the respective gene product is ectopically expressed develop tufted mechanosensory bristles, suggesting that the process of lateral speci®cation of single sensory organ precursor cells (SOPs) from proneural clusters fails . Therefore, the overexpression of any one gene, m4, ma or Brd, interferes with normal bristle speci®ca-tion, suggesting that the respective gene products might have similar roles in the formation of mechanosensory organs.
In our study on the molecular mechanism of m4/ma proteins we have shown that their ectopic expression antagonizes Notch signaling by down-regulation of transcription of E(spl) bHLH genes, for example m8 and mg . Furthermore, we have found that E(spl) bHLH genes act downstream of m4/ma ectopic activity. However, the molecular mechanisms of action of m4/ma remain unclear, as no interactions were observed between these proteins and a number of bHLH factors involved in SOP formation, such as scute or E(spl) . These observations raise the possibility that the transduction of the Notch signal involves negative auto-regulation in a way similar to other receptor pathways (Schweitzer and Shilo, 1997; Ingham, 1998) . In contrast to m4/ma, Brd is not a target of Notch signaling itself and therefore a different model for its function must be envisaged (Leviten and Posakony, 1996) .
A further member of the m4/ma gene family was identi®ed in ESTs generated by the Drosophila genome project: two EST sequences (AA246754, AA433222) encoded a protein with a remarkable degree of similarity (48±55%; Apidianakis et al., 1999; Wurmbach et al., 1999) . The gene was mapped cytologically into 71A, which is in close proximity to the Brd locus . In the meantime, it was characterized independently by two other groups and named barbu (bbu) and twin of m4 (tom), respectively (FlyBase entry 4/99; Lai et al., 2000; Zaffran and Frasch, 2000) . This new gene bbu/tom resides about 2 kb downstream of Brd (The GenBank accession number for XMyD88 is AF294272) and three further genes with similarity to Brd are located within a distance of roughly 10 kb; the region was therefore named BeardedComplex (Brd-C) (Lai et al., 2000) . Overexpression of bbu/ tom results in phenotypes indistinguishable from those obtained with m4/ma Lai et al., 2000; Zaffran and Frasch, 2000 ; see also Fig. 3B ), suggesting that the gene products of the three m4/ma gene family members might be functionally equivalent. This is supported by the observation of Zaffran and Frasch (2000) that bbu/tom, in contrast to Brd, is activated by the Notch signaling pathway. However, as to the physiological role of this new class of genes we have only limited information. Loss of function alleles of Brd are without any obvious consequences for¯y development (Leviten and Posakony, 1996) . This might not be surprising assuming that the other members of the Brd-C, the brothers of Brd (bob A-C), can functionally replace loss of Brd (Lai et al., 2000) . In contrast, loss of bbu/tom causes embryonic lethality with no obvious phenotypes and hypomorphic allelic combinations affect planar polarity but neither spacing nor morphology of bristles (Zaffran and Frasch, 2000) . Due to structural similarity, m4/ma family members might be able to replace each other and therefore the expected phenotypes ± most notably bristle loss ± are not observed in the mutants.
In this work we wanted to gain insight into the physiological role and the equivalence of m4/ma gene family members. Due to dif®cult genetic accessibility of the E(spl)-C, we have chosen RNA interference (RNAi) as an alternative route for the generation of embryonic loss of gene function. The molecular basis of RNAi has been elucidated recently in great detail and it was shown that delivery of double-strand RNA causes sequence-speci®c degradation of the corresponding mRNA (Tuschl et al., 1999; Hammond et al., 2000) . Thus, injection of double-strand RNA opens an avenue to analyze the consequences of the depletion of m4/ ma transcripts during embryogenesis. Both m4 and ma dsRNA injections give rise to neurogenic embryos, whereas bbu/tom dsRNA has only a weak effect. Consistent with the different spatiotemporal expression pro®le and contrary to a previous report (Zaffran and Frasch, 2000) , bbu/tom does not appear to be a target gene of the Notch signaling pathway during neurogenesis. Corroborated by further genetic data, we propose that the dominant bristle phenotypes generated by overexpression of m4/ma family members are due to dominant-negative effects.
Results

Loss of function analysis of m4/ma genes
Using various deletions spanning the E(spl)-C we created a loss of function situation for m4 (Fig. 1A) . A single mutation exists, Pr rev4 , which was induced in the background of the Pr inversion. It deletes parts of 97B and in the 96F region (the E(spl) locus) it deletes m1 through m4 (Preiss et al., 1988) . Thus, only one E(spl) bHLH gene, m3, is affected in Pr rev4 apart from m4 and the unrelated m1 and m2 genes (Fig. 1A) . In trans over the large de®ciency Df(3R) gro X1 , Pr rev4 is lethal, and about half of the embryos develop weak neurogenic phenotypes, whereas hemizygosity of the entire E(spl)-C produces only a low penetrance of neurogenic embryos (data not shown; Delidakis et al., 1991) m4, because embryos of the Pr rev4 /Df(3R) X10 genotype did not develop neural hypertrophy in over 1000 embryos analyzed (data not shown). Df(3R)X10 deletes m1 through m3 but is m4
1 (see Fig. 1A ), suggesting that neural hyperplasia in Pr rev4 /Df(3R)boss 15 trans-heterozygous embryos is a consequence of loss of m4 function rather than of the bHLH gene m3 or the unrelated m2 or m1 genes Wurmbach et al., 1999) .
Despite the partial embryonic lethality, adult¯ies emerged at a frequency of up to 50% when Pr rev4 was placed over other small deletions uncovering all or parts of E(spl)-C, including Df(3R)boss 15 (see Fig. 1A ). They develop supernumerary macrochaetae on the scutellum, the central thorax and the sternopleurum and a higher density of microchaetae (Fig. 1D ). This phenotype is typical of a reduction of Notch-signaling activity during the process of SOP speci®cation. Similar bristle phenotypes are observed after lowering E(spl) bHLH gene doses: for example, homozygous loss of m7 in an otherwise hemizygous background (Df(3R) P709 /Df(3R)boss
15
) causes multiplications of macro-and microchaetae (Fig. 1C) . This ®nding raises the possibility that m4/ma genes might act in the same direction as the E(spl) bHLH genes. However, the small deletion Pr rev4 also involves an inversion (Preiss et al., 1988) . Delidakis et al. (1991) ; hd, head defects, e.g. involution defective, head open, head skeleton rearranged; ud, undetermined, including injection artifacts (segmentation defects, germ band retraction defects, etc.); wt, apparently wild type cuticle. Other chromosomal rearrangements with breaks in the E(spl)-C, for example Vein off (Vno), typically show additional dorso-central and scutellar bristles as well, if they are kept in a genetic background of lowered E(spl)-C doses (Fig. 1B) (Preiss et al., 1988; Lindsley and Zimm, 1992) . Formally, the rearrangement rather than the loss of single gene copies might be the primary cause of the multi-bristle phenotypes. We consider this an unlikely possibility, as the genetic combination Vno/Df(3R) 8D06 is fully viable and does not cause any embryonic phenotypes (data not shown), suggesting that homozygous m4 loss reduces lateral inhibition signals more severely than the chromosomal rearrangement. This result was rather surprising because overexpression of m4/ma gene family members had indicated that this gene class antagonizes Notch signaling Lai et al., 2000; Zaffran and Frasch, 2000) .
In order to elucidate m4/ma gene function more directly, we employed the recently developed method of RNA interference (Fire et al., 1998; Kennerdell and Carthew, 1998; reviewed in Fire, 1999; Bass, 2000) which causes sequencespeci®c transcript degradation (Tuschl et al., 1999; Hammond et al., 2000) by injecting either m4 or ma double-stranded RNA or a mixture of both into pre-blastoderm embryos. In agreement with the genetic data described above, this causes a high incidence of lethality at around 50%. Dead embryos developed intermediate to strong neurogenic phenotypes typical of loss of E(spl) bHLH activity (Fig. 2, Table 1 ) (Lehmann et al., 1983; Preiss et al., 1988) . Surviving embryos hatched to wild type looking larvae that developed normally to adult¯ies. From this we conclude that the m4/ma genes are required to positively transduce the Notch signal during neurogenesis, and presumably during bristle development as well. Therefore, suppression of lateral inhibition observed after overexpression of either m4/ma family member must be due to a dominant-negative effect, presumably by titrating out other important Notch pathway components.
2.2. Loss and gain of function analysis of a third member of the m4/ma gene family, bbu/tom A third member of the m4/ma gene family, bbu/tom, has been identi®ed and was localized within the Brd-C (see Section 1). We wanted to know whether bbu/tom has a function during Drosophila development similar to m4/ ma. Overexpression of bbu/tom causes bristle tufting phenotypically indistinguishable from m4/ma (Fig. 3B ) (see also Lai et al., 2000; Zaffran and Frasch, 2000) . We found that the molecular mechanism underlying bristle tufting is also based on interference with E(spl) gene activity in a similar manner as we have found for m4/ma . Ectopic expression of either bbu/tom, m4 or ma results in the selection of additional SOPs (Fig. 4A) due to silencing of, for example, E(spl) m8 transcription (Fig.  4B) . Repression is speci®c to those E(spl) genes that are involved in bristle speci®cation and does not include mb , which acts mainly in wing vein development (Fig. 4C) (de Celis et al., 1996; Ligoxygakis et al., 1999) .
Apparently, bbu/tom overexpression has identical effects on the development of mechanosensory bristles as that of m4/ma . We thus wondered whether bbu/tom is involved in neurogenesis in the same way, which we analyzed again by dsRNA injections. Lethality was induced at a similar rate, but neurogenic embryos were much rarer (see Table 1 ). Instead, a large fraction of the dead embryos did not develop to a stage where they secrete cuticles (Table 1) . The most conspicuous phenotypes of the older embryos were defects during head involution (Fig. 3A H ,A HH ). Thus, bbu/tom is expected to play a role different from m4/ma during Drosophila embryonic development.
Regulation of bbu/tom transcription is not under Notch control
The fact that the activity of bbu/tom differs clearly from either m4 or ma might be surprising because all three genes are robustly expressed in the neuroectoderm in germ band extended embryos (Fig. 5) . We note, however, that this is the major region of co-expression of the three genes, which show distinct expression patterns during earlier and later stages of embryogenesis (see Fig. 5 , compare with Wurmbach et al., 1999; see also Zaffran and Frasch, 2000) . Up to the blastoderm stage, bbu/tom transcripts accumulate in the presumptive ectoderm and are excluded from the presumptive mesoderm (Fig. 5A) . In contrast, m4/ma are exclusively expressed in the mesectoderm at that stage. Starting at germ band retraction, bbu/tom mRNA is enriched along the midline and in the segmental folds within the lateral ectoderm (Fig. 5D ). The pattern is also quite distinct in wing and leg imaginal discs (Fig. 5H and data not shown) , whereas in the eye disc, expression bordering the morphogenetic furrow is reminiscent of m4/ma (Fig. 5G ) (for comparison see Wurmbach et al., 1999; Lai et al., 2000; Zaffran and Frasch, 2000) .
In contrast to the reports of Zaffran and Frasch (2000), we did not observe induction of bbu/tom transcription by ectopic expression of the activated Notch receptor in a pair rule pattern in the embryo (prd-Gal4 q UAS-N intra ; data not shown). Furthermore, transcriptional activation of bbu/tom was not dependent on Su(H) because Su(H) mutant embryos derived from germ line clones still express bbu/tom normally in the lateral ectoderm (Fig. 5F , compare with Fig. 5D ). The absence of midline staining is attributed to the hypertrophic nervous system in these embryos.
Discussion
Uncovering dominant-negative function by loss versus gain of function genetics
The function of newly identi®ed genes can be addressed by either elucidating the consequences of loss of gene activity or by analyzing the effects of overexpression which, in general, results in opposite phenotypes (Schneuwly et al., 1987) . The latter method is well established and is used nowadays in systematic screens for unknown genes (Rùrth et al., 1998) . In rare cases, however, gain of function phenotypes are rather similar to the loss of gene activity due to dominant-negative effects (Hukriede et al., 1997) .
In our case, the unexpected ®nding that RNA interference with m4/ma activity in the embryo gives a phenotype identical to that of Notch loss of function undermines our previously held view that these factors are antagonists of Notch signaling. As generally loss of function data can be interpreted more straightforwardly than gain of function data, we are forced to favor a model whereby m4/ma are needed to transduce the Notch signal (positive factors), but their overexpression generates a dominant-negative condition. It is known that intracellular signal transduction often involves the formation (and intricate regulation) of multiprotein complexes (e.g. Dsh-Axin-APC-GSK3-Arm; Bienz, 1999) . It is thus not hard to envisage that the gross imbalance of one component of such complexes (e.g. by overexpression) will lead to disruption of the`active' species and instead formation of partial inactive complexes. Unfortunately, we do not yet have any information on the molecular interactions of the m4/ma family (see ) and thus we cannot make models or predictions on how its overexpression could block Notch signaling. Instead, we can use our present observations as a starting point to further elucidate the intracellular machinery of Notch signaling. One possible caveat to the interpretation of these data is that SOP singularization and neuroblast speci®cation are not entirely identical processes, although both use many identical pathways, most notably Notchmediated lateral inhibition. Because injection of dsRNA into embryos does not cause RNAi lasting through meta- Fig. 4 . Ectopic bbu/tom expression interferes with lateral SOP speci®cation by antagonizing E(spl) bHLH activity. Either UAS-m4 (A,C) or UAS-ma (B) (m4/ ma; middle column) or UAS-bbu/tom (bbu/tom; right column) were driven in a central domain of the presumptive wing blade using the omb-Gal4 driver (arrows) and compared with the wild type (WT; left column). Wing discs of third instar larvae are shown (ventral is down, anterior is to left). (A) Sensory organ precursor cells, destined to develop into mechanosensory organs, are singularized from proneural clusters along the anterior margin of the presumptive wing and on the thorax. They were visualized using the enhancer trap insertion in neuralized (neur A101 ). Overexpression of either m4, ma (data not shown) or bbu/ tom results in a similar increase of SOPs due to failure of lateral inhibition (arrows). (B) Transcription of the m8-lacZ reporter within proneural clusters along the anterior wing margin is repressed by ectopic ma or m4 expression (data not shown; see Apidianakis et al., 1999) . A similar effect is obtained by bbu/tom overexpression (arrows). Insets show the border of misexpression domain enlarged. (C) In contrast, ectopic expression of gene m4, ma (data not shown) or bbu/ tom does not in¯uence the transcriptional activity of mb in the presumptive wing blade where it has a major role in the formation of wing veins rather than of SOPs.
morphosis (Misquitta and Patterson, 1999) , new methods are currently being developed to target dsRNA production at later stages.
RNA interference in structurally related gene families
There are intrinsic problems with RNAi when working with structurally related genes because it is conceivable that the similarity between the family members allows the injected dsRNA to interfere with the expression of all family members and thus cause a stronger phenotype than the loss of function of any single gene (for example see Kennerdell and Carthew, 1998) . RNA interference is based on sequence-speci®c degradation of the respective transcripts. It presumably involves cleavage of the dsRNA to 21±23 nucleotide long species, followed by hybridization with the target mRNA and its subsequent degradation along the entire length of the dsRNA (Tuschl et al., 1999; Hammond et al., 2000; Zamore et al., 2000; overview in Fire, 1999; Bass, 2000) . Such short dsRNA species might target related genes with extensive sequence identity as ef®ciently as the respective mRNA. So far, RNAi has been induced with high ef®cacy by using dsRNAs with perfect identity to the targeted mRNA and a minimal length of about 200 nucleotides (Tuschl et al., 1999; Hammond et al., 2000) . We are not aware of any systematic experiments regarding the degree of similarity between the dsRNA and the targeted mRNA required for effective gene silencing to occur. It might very well be that shorter identical sequence stretches are suf®cient for potent interference (Zamore et al., 2000) . We think that our data point to such an effect. For example, co-injecting m4 plus ma dsRNA only marginally increased the percentage of neurogenic embryos as if one had already ef®ciently blocked the activity of both genes. Perhaps the fact that we see a small number of neurogenic embryos after injection of bbu/tom dsRNA can also be interpreted in this way.
Because of the regulatory potential of the 3 H untranslated sequences in the respective transcripts (Lai and Posakony, 1998) , we only used coding sequences for the preparation of the dsRNA. The degree of similarity within the coding region is not very high among the three members and the longest stretch of identical sequence comprises at most 19 nucleotides. Thus, if the 21±23 nucleotide dsRNA species Campos-Ortega and Hartenstein (1985) . (G) In eye imaginal discs of third instar larvae, bbu/tom transcripts accumulate strongly just in front of and behind the morphogenetic furrow (anterior is to the left and dorsal is up). (H) Wing imaginal discs show rather diffuse staining which is strongest in two large areas in the presumptive antero-dorsal notum and close to the wing hinge. Within the presumptive wing blade, bbu/tom mRNA is slightly enriched in the proximity of future wing veins (arrow), most notably in the center (dorsal is to the left and posterior is up).
observed by Zamore et al. (2000) need a perfect match in their target mRNA, RNAi should only silence the gene the dsRNA was derived from. However, if pairing involves longer stretches of dsRNA and target mRNA, then hybridization might also be possible with related mRNAs (for an overview on hypothetical mechanisms of RNAi see Tuschl et al., 1999; Bass, 2000) . Pair-wise comparisons between the m4/ma family members show an overall identity between 50 and 60%, but values up to 78% for shorter stretches when analyzed with either GAP or BESTFIT programs (Devereux et al., 1984; HUSAR 5.0 at genius.embnet.dkfz-Heidelberg) . Hybridization between m4 and ma can be envisaged since they are 70.1% identical over nearly the entire sequence. In contrast, the similarity of either gene with bbu/tom is quite weak and is probably too low for ef®cient hybridization: the longest sequence runs of notable identity at around 77% comprise 62 centrally located nucleotides compared with ma and 162 nucleotides in the 3 H end compared with m4. These are probably too short for effective RNAi (Tuschl et al., 1999) . Further work will be required to directly address the requirements on minimal sequence identity for RNAi to occur. Taking this into consideration, it might be possible to design targets quite speci®cally when working with a family of structurally related genes, either many members or a speci®c member, by carefully choosing the right sequences for the dsRNA.
What is the physiological role of the m4/ma family?
The m4/ma family contains three members of high structural similarity and up to eight, taking the related Brd gene family into account. Overexpression of various members gives surprisingly similar phenotypes ± ectopic bristles (mechanosensory organs) that result from a failure of the lateral speci®cation of singular bristle precursor cells (SOPs). From these gain of function phenotypes, we and others concluded that this class of gene plays a negative role in Notch-mediated signaling processes Lai et al., 2000; Zaffran and Frasch, 2000) . A lack of phenotypes in loss of function mutations of single genes gives little genetic support to this hypothesis and favors functional redundancy between the individual genes (Preiss et al., 1988; Leviten and Posakony, 1996; Zaffran and Frasch, 2000) .
Despite the similarity between these genes, there is a major difference between the members of the m4/ma and Brd gene families, in that only m4 and ma are direct transcriptional targets of Notch signaling whereas genes in the Brd-C are not (Leviten and Posakony, 1996; Wurmbach et al., 1999; this work) . De-repression of bbu/tom transcription within the ventral ectoderm after driving Notch with a KrGal4 line (Zaffran and Frasch, 2000) appears to con¯ict with the lack of transcriptional activation by Notch that we have observed. One possibility to resolve this con¯ict is to note that Kr-Gal4 is expressed earlier than prd-Gal4. As Notch is notorious for its ability to affect cell fate at many stages, it is not unlikely that the earlier ectopic expression might cause a cell fate change of the ventral ectoderm to lateral ectoderm, where bbu/tom is strongly expressed (see Fig. 5D,F) . Put more parsimoniously, the ectopic activation of bbu/tom expression is most likely a secondary indirect effect, as it is seen when N intra is driven by one Gal4 line and not by another. As the transcriptional regulation of these genes is different, it is quite likely that their physiological roles might also be different. Our RNAi experiments now reveal a role for m4/ma as positive factors in the Notch pathway during neurogenesis in the early embryo, whereas bbu/tom appears to function differently. This interpretation is corroborated by genetic evidence using a combination of small deletions in the E(spl)-C that resulted in failure of lateral inhibition during neurogenesis as well as bristle development. Whereas de®ciencies in m4 increase bristle density, those in Brd and bbu/tom do not, even in the background of E(spl)-C de®ciencies (Leviten and Posakony, 1996; Lai et al., 2000; Zaffran and Frasch, 2000 ; our own observations).
Hence, despite the structural similarities between members of the m4/ma family, bbu/tom has lost a number of their characteristics, most notably Notch responsiveness in agreement with its remote chromosomal position. The phenotypes achieved by overexpression of any of the three genes, however, are very similar. They are likely a result of dominant-negative effects and thus do not allow us to draw conclusions on a role of this gene family in normal bristle development. They rather indicate an ability of this class of proteins to interact with other factors speci®cally required during the process of bristle precursor speci®cation.
Experimental procedures
Loss and gain of function genetic experiments
Mutant¯y strains are described in FlyBase, http://¯yba-se.harvard.edu/ and in Preiss et al. (1988) , Delidakis et al. (1991) , Leviten and Posakony (1996) and Wurmbach (1998) . The extent of the two deletions, boss15 and X10, was determined by genomic Southerns (Delidakis et al., 1991; Wurmbach, 1998) and more precisely by PCR regarding m4. Using appropriate primers , m4 could be ampli®ed from genomic DNA of¯ies with the genotype Df(3R)X10/Pr rev4 but not of the equivalent Df(3R)boss 15 /Pr rev4¯i es. Fly handling and generation of transgenic lines was according to standard protocols. The UAS-bbu/tom ORF was PCR-ampli®ed from genomic DNA and sequence-veri®ed. It was subsequently cloned into pUAST (Brand and Perrimon, 1993) . PCR primers contained appropriate restriction sites, BamHI (5 H ) and SalI (3 H ). E(spl) transcriptional regulation was studied with the m8-lacZ line (Lecourtois and Schweisguth, 1995) . As a neuroblast marker in the embryo we used scrt-lacZ, and as a marker for sensory organ precursors and its lineage neur A101 -lacZ (FlyBase).
